Objective: To examine the relationship between psychological distress (PD) and plasma n-3 long-chain (LC) PUFA, i.e. EPA, docosapentaenoic acid (DPAn-3) and DHA. Design: Population-based, cross-sectional Santé-Québec Health Survey (1991). Participants were categorized as high-level PD if they scored over the 80th percentile of the PD Index in the Santé-Québec Survey; non-distressed subjects were those who scored less than this cut-off. Associations between tertiles of n-3 fatty acids (FA) and the risk of high-level PD were expressed as odds ratios, with the lowest tertile as the reference group. Setting: Québec, Canada. Subjects: Data were analysed from a representative sample of 852 James Bay Cree Indian adults aged 18 years and over. Results: Proportions of n-3 FA were statistically significantly lower in the PD than in the non-distressed group. After adjustment for confounders, EPA was the only individual n-3 FA significantly associated with the risk of high-level PD. Combinations of EPA 1 DHA or EPA 1 DPAn-3 1 DHA or the sum of n-3 were also associated with the risk of high-level PD. Compared with the lowest tertile of EPA 1 DHA, the OR for high-level PD was 0?89 (95 % CI 0?59, 1?36) for the second and 0?56 (95 % CI 0?32, 0?98) for the third tertile, after controlling for confounders. Conclusions: In the present retrospective, cross-sectional study, we found that proportions of n-3 LC PUFA in plasma phospholipids, markers of n-3 LC PUFA consumption from fish, were inversely associated with PD.
The shift away from traditional lifestyles and diets is associated with increasing health problems in several native populations (1, 2) . Some aboriginal groups have reported evidence of severe psychological distress (PD), with high rates of depression, suicide, violence, alcoholism and substance abuse, the most profound impact being felt by the young (1, (3) (4) (5) (6) (7) . However, the psychiatric literature on the Cree is scarce. In a study of mental health service use between 1986 and 1988, depression was the most common psychiatric illness noted among 242 Cree receiving help from nursing and medical personnel (8) . Their traditional eating habits have been changed by cultural and environmental factors linked to modernization (9) (10) (11) . In these communities, we noted that plasma proportions of EPA 1 DHA were two times higher among older than among younger adults, which suggests that the former consume more traditional foods, such as fish (12) . It has been postulated that dietary changes occurring in our societies, mainly a decrease in n-3 (omega-3) longchain (LC) PUFA and an increase in n-6 (omega-6) consumption, could be contributing to the growing incidence of depression (13) . Epidemiological and clinical studies indicate that n-3 LC PUFA are associated with benefits in mood disorders, particularly depression (14, 15) . Although man is technically capable of endogenously synthesizing EPA and DHA from the n-3 precursor a-linolenic acid (a-LNA) in plants, this conversion is a very inefficient way of increasing DHA in tissues (16) . Therefore, in general, EPA and DHA measurements in blood reflect habitual dietary n-3 LC PUFA intake from fish (17) (18) (19) . Several biological mechanisms might potentially explain the impact on and research interest in n-3 fatty acids (FA) in psychiatry. Phospholipids (PL), which contain
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FA, are major components of neuronal cell membranes and are essential for normal brain functions (20) . PUFA comprise one-third of all FA in the brain (21, 22) . PUFA in the brain are mainly represented by two FA, DHA and the n-6 arachidonic acid (AA), which constitute E80 % of total PUFA (21, 22) . Animal experiments have indicated that n-3 deficiency alters serotonin neurotransmission (23) (24) (25) (26) (27) . In man, higher plasma DHA has been demonstrated to predict concentrations of serotonin and dopamine metabolites in cerebrospinal fluid (28, 29) . Both EPA and DHA, which compete with AA for inclusion in neuronal membranes, have anti-inflammatory effects (30, 31) . n-3 LC PUFA may also exert other influences on brain biochemistry, such as membrane structure and fluidity; enzyme, receptor, ion channel, second messenger and blood-brain barrier functions; and increase cerebral blood flow (20, 32, 33) . Different risk and protective factors of mental health have been identified among the James Bay Cree (34) . However, the role of their traditional diet has received scant attention with regard to mental health. A generalized measure of PD was adopted in a cross-sectional survey undertaken by the Government of Quebec among the James Bay Cree in 1991 (10) . We considered it important to examine the potential role of n-3 LC PUFA in PD in James Bay Cree Indians.
Methods

Study design and population
The Santé-Québec Health Survey among the James Bay Cree in 1991 has been described in detail elsewhere (10, 12) . Briefly, Santé-Québec, an agency of the Quebec Health and Social Services Ministry, undertook a health survey of the Cree population in 1991. The apparent long delay between the availability of these data and the results presented here is mainly due to a lack of staff and time. The primary objective of the survey was to collect relevant information on the physical, social and psychosocial health of the Cree population (10) . These data were gathered in several stages with home interviews and clinic visits. The survey targeted all private Cree households located in the nine communities of the James Bay region. Of the household respondents, 943 participants submitted to clinical measurements and blood tests. Of these, fifty did not have information on PD, twentysix did not have FA measurements and fifteen were pregnant women; all of them were therefore excluded from the present analysis. The final sample size analysed was 852. In the survey, signed informed consent was obtained from the study subjects before inclusion. The study protocol was approved by the Clinical Research Deontology Committee of Laval University.
Psychological distress PD among the Cree was measured via a modified version of the fourteen-Item PD Index used in the 1987 Santé-Québec Survey (PDISQS-14) (35, 36) . The PDISQS-14 is an adaptation of the Psychiatric Symptom Index (PSI), developed and validated by Ilfeld (37, 38) . The self-administered PDISQS-14 contains fourteen statements addressing psychological symptoms experienced in the previous week ( Table 1 ). The structure of the PSI is based on four distinct dimensions (depression, anxiety, aggressiveness and psychomotor perturbations) connected at a second level with the more general concept of PD (39) . Scores range from a minimum of 0 to a maximum of 100. Internal consistency of the scale within Cree respondents was found to be satisfactory (Cronbach's a 5 0?94) (34) . As in the 1987 Santé-Québec master survey (40) , a high level of PD was defined by any score above the 80th percentile of the index distribution observed in the Cree. Participants were categorized as having high-level PD if they scored over the 80th percentile of the PDISQS-14 (score of 30?95). Non-distressed participants were those scoring less than this cut-off. One hundred and fifty-four participants, sixty-three men and ninety-one women, scored above the cut-off.
Plasma phospholipid fatty acids
Blood samples were collected in the fasting state. Plasma samples, stored at 2808C for #4 months, were measured for the FA composition of PL. FA analysis of these plasma biomarkers (PL) was based on previously published methods (41) . The results and procedures have been described in detail elsewhere (12) . Briefly, the FA composition of plasma PL was determined by capillary GLC. FA proportions in plasma PL were expressed as percentages of the total area of all FA peaks from 14 : 0 to 24 : 1. In the present study, the plasma PL proportions of FA corresponded to the relative percentages of total FA by weight. Only the proportions of PUFA are reported for the present purpose.
Statistical analysis
The statistical distribution of plasma FA was checked and found to be skewed for some FA. Therefore, we undertook S Public Health Nutrition log transformation to compare FA between PD groups. Arithmetic means were also calculated for the FA data to facilitate comparisons with other studies. Student's t test was performed to compare FA between PD groups. ANOVA with Bonferroni correction for multiple comparisons (P , 0?0025) was conducted for EPA 1 DHA plasma PL according to quintiles of PDISQS-14 scores. The distribution of n-3 FA was considered to compute cut-off points for tertiles of n-3. Associations between tertiles of n-3 FA and the risk of high-level PD were expressed as odds ratios, with the lowest tertile as the reference group. Trends across tertiles of n-3 FA were discerned by assigning the log-transformed median value for each tertile to all subjects in that group. Selection of covariables was based on simulation studies (42) (43) (44) , which suggested a minimum number of events per variable (minimally 10-15 events were needed per covariate). Co-variables were selected without the predictor of interest in the multivariate model and were based on backward selection, considering a liberal P value criterion of 0?5 for all relevant covariates (42) . The covariates tested were: age, gender, smoking status, total plasma cholesterol (,5?2 mmol/l), physical activities in leisure time, $1 chronic medical illness in lifetime, BMI (kg/m 2 ), education, occupation, marital status and no recent stress events. For the variable 'recent stress events', subjects were asked if they had experienced any of six stressful events during the past 12 months: moved away from the family, lost their job, were rejected or disapproved of by the community, suffered a serious illness, lost a family member (death of husband/wife/common-law spouse) or lost a relative (death of father/mother/family member when they were under the age of 12 years). A favourable answer (yes) was coded as 1 for each of these events (on scores between 0 and 7). The variable 'recent stress events' was dichotomized, meaning that the subject either experienced stress or not (score 5 0). The final models satisfied collinearity criteria. Statistical analyses were performed with the SAS for Windows statistical software package version 9 (SAS Institute, Inc., Cary, NC, USA). Differences between groups and associations were considered significant at P , 0?05 (bilateral). Table 2 reports study subject characteristics according to high-level PD. The prevalence of high-level PD in this population was 17?9 %. Mean age of the participants was 35?2 (SD 13?9) years. A higher proportion of younger, single and more educated subjects were in the high-level PD category. Figure 1 shows EPA 1 DHA plasma PL *Participants were included as high-level PD if they scored over the 80th percentile of the PD Index Santé-Qué bec Survey (PDISQS-14). Non-distressed participants were those scoring less than this cut-off.
Results
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-The unemployed group combined those receiving unemployment insurance or welfare, looking for a job and unemployed. The remunerated employment group combined professionals, executives, white-and blue-collar workers, trappers, houseworkers and independent workers. Table 3 . Mean proportions of n-3 FA, except a-LNA, were significantly lower in the PD group compared with the non-distressed group. Compared with non-distressed subjects, those with high-level PD had higher linoleic acid and lower AA proportions in their plasma PL. Table 4 presents the OR for high-level PD according to the plasma PL tertiles of n-3 FA, with the lowest tertile group serving as the reference group. EPA was the only individual n-3 FA significantly associated with the risk of high-level PD in the multivariate model. Combinations of EPA 1 DHA or EPA 1 docosapentaenoic acid LA, linoleic acid; AA, arachidonic acid; a-LNA, a-linolenic acid; DPAn-3, docosapentaenoic acid. *P values were calculated for log-transformed fatty acids. 
Discussion
In the present cross-sectional study, we noted significantly lower plasma content of EPA, DPAn-3 and DHA among subjects categorized as high-level PD compared with non-distressed subjects. After adjustment for confounders, EPA was the only individual n-3 FA significantly associated with the risk of high-level PD. Combinations of EPA 1 DHA or EPA 1 DPAn-3 1 DHA, or the sum of n-3, were also associated with the risk of high-level PD. Subjects in the third tertile of EPA 1 DHA in plasma PL had 1?8 times lower risk of having a high-level PD score compared with those in the lowest tertile. Our results are in line with previous cross-sectional studies that reported an inverse relationship between fish consumption and depression (45) (46) (47) (48) . In a cross-sectional analysis of n-3 plasma PL and PDISQS-14 among Nunavik Inuit, we recently noted that women in the second and third tertiles of EPA 1 DHA proportions in plasma PL had three times lower risk of a high-level PD score than women in the lowest tertile (49) . However, we did not n-3 and distress in the Creeobserve this difference among men. In the Hordaland Health Study, users of cod-liver oil were less likely than non-users to have high levels of depressive symptoms on the Hospital Anxiety and Depression Scale, but not high levels of anxiety symptoms (50) . In 771 patients with newly diagnosed lung cancer, Suzuki et al. reported no association between EPA 1 DHA intake and the Depression Subscale of the Hospital Anxiety and Depression Scale (cut-off $5) (51) . However, they recorded a two times lower risk (P , 0?05) in the fourth quartile of a-LNA intake compared with the first quartile. In our analyses, we did not see a relationship between a-LNA and PDISQS-14 scores. In a cross-sectional investigation of data from a nationally representative sample of 4644 New Zealand adults, Silvers and Scott (52) demonstrated that higher fish consumption was associated with higher selfreported mental health status.
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Except for EPA, no individual n-3 FA was significantly associated with risk of high-level PD in the multivariate model. These results are in line with Three-City Study findings (48) . Cross-sectional analyses indicated that only plasma EPA, and not DHA, was inversely associated with the severity of depressive symptomatology among 1390 elderly French subjects. Some authors argue that studies of EPA alone or with a higher ratio of EPA to DHA are associated with better outcomes than trials of an enriched DHA supplement (33, 53) . Our results might also be explained by the fact that EPA in blood appears to be less saturable than DHA (54, 55) . Brown et al. (56) suggested that DHA turnover in red blood cells (RBC) is slower than EPA. However, others have noted stronger correlations between fish intake and plasma DHA than EPA (57, 58) . Nevertheless, it has been postulated that the combination of EPA and DHA may be a better independent variable to assess the health effects of n-3 LC PUFA consumption (59) . To date, two cohort studies have prospectively analysed the association between n-3 intake and fish consumption and mental disorders (60, 61) . The first, a longitudinal trial among 29 133 Finnish men, failed to find an association between n-3 from fish and self-reported depressed mood or hospital treatment for major depression (60) . However, several limitations could explain these negative results (15) . In the second, the SUN (Seguimiento University of Navarra) cohort study, only the fourth quintile of baseline n-3 LC PUFA intake was significantly associated with a lower risk of incident mental disorder (defined as self-reported physician diagnosis of depression, anxiety or stress or the use of antidepressant medications or tranquilizers). No linear trend was apparent between baseline n-3 LC PUFA intake and incident mental disorder after 2 years of follow-up. However, compared with the Structured Clinical Interview for DSM-IV, physician recognition of major depressive episode was poor (sensitivity 5 40 %) (62) . Moreover, the rates of untreated mental disorders are high in different countries (63) . Therefore, antidepressant medications and tranquilizers are also poor indicators of mental disorder. In addition, n-3 LC PUFA intakes were very high in this cohort. The first and fifth quintiles of median energy-adjusted n-3 LC PUFA intakes were respectively 0?39 and 1?89 g/d.
Our results must be interpreted in the context of the limitations and strengths of any cross-sectional study. As a consequence, we cannot ascertain any causal relationship and we cannot rule out the possibility that higher PD (especially if it was characterized by depression) influenced n-3 LC PUFA intakes from fish. A recent metaanalysis of double-blind, placebo-controlled studies has suggested that n-3 LC PUFA significantly improve symptoms in patients with clearly defined depression (64) . However, no major clinical investigation has been published, and the most significant trials tested n-3 LC PUFA supplementation as an adjunct to antidepressant therapy. Moreover, two recent meta-analyses on n-3 LC PUFA and depression noted significant heterogeneity and publication bias (64, 65) . A weakness of our study is that the PDISQS-14 cannot be used to ascertain specific psychiatric disorders. However, the present analysis did not aim to assess the prevalence of specific psychiatric disorders but rather to identify if n-3 LC PUFA could be associated with the global index of PD. Even though severe PD cannot be directly expressed in terms of clinical psychiatric disorders, we can, however, postulate that the risk of psychopathology increases with the level of PD. It is possible that the outcomes noted in the PDISQS-14 were due to n-3 LC PUFA effects not only on depression but also on anxiety and hostility items. However, the literature on the relationship between n-3 LC PUFA and anxiety and hostility is less abundant than for depression. Indeed, some studies show the benefits of n-3 LC PUFA in anxiety disorders (66, 67) but others do not (50, 68) . A role of n-3 LC PUFA has been suggested in disorders characterized by impulsivity (69) . However, in a recent randomized controlled trial among patients with recurrent self-harm, EPA 1 DHA supplementation did not improve impulsivity, aggression or hostility (70) . A single assessment of n-3 LC PUFA in blood reflects the ranking of n-3 LC PUFA intakes from fish (71) . Such biomarkers of FA intakes provide quantitative measurements independently of memory and/or knowledge of the subjects and are less likely to be due to social desirability bias than dietary self-reporting (72) . It is likely that our correlations might be influenced by the utilization of plasma PL rather than RBC analysis. Indeed, plasma PL FA determination reflects short-term intake better than RBC. According to the 18-month controlled study of Katan et al., half-maximal and maximal concentrations of EPA in RBC were reached after 28 and 180 d (73) . However, these stages were attained after 4?8 and 56 d for serum cholesteryl esters, indicating that RBC might reflect long-term intake better than plasma or serum. However, correlations between plasma PL and RBC DHA and EPA are strong (54, 74) . Moreover, analysis of plasma EPA 1 DHA is S Public Health Nutrition not only a measure of traditional food consumption but also a yardstick for adherence to traditional behaviours such as fishing and hunting. It is, therefore, difficult to separate the biological effect of social behaviour adherence to Cree culture when EPA 1 DHA are measured. Furthermore, illicit drugs and alcohol consumption were not added in our multivariate model since these variables could be surrogate markers of PD and would lead to over-adjustment.
Conclusion
In the present retrospective cross-sectional study, we found that n-3 LC PUFA proportions in plasma PL, a marker of n-3 LC PUFA consumption from fish, were inversely associated with PD. These observations are consistent with other investigations indicating an effect of n-3 LC PUFA in mood disorders. However, the causal relationship between n-3 LC PUFA in plasma PL and mood in this population should be established prospectively. 
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